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PATTERN DISRUPTION IN THERMAL TRANSFER PRINTING 

This invention relates to a method of thermal dye transfer printing. 
Thermal dye transfer printing is a generic term for processes in which one or more 
thermally transferable dyes are caused to transfer from a dye sheet to a receiver sheet in 
5 response to thermal stimuli. Using a dye sheet comprising a thin substrate supporting a 

dye coat containing one or more such dyes uniformly spread over an entire printing area 
of the dye sheet, printing can be effected by heating selected discrete areas of the dye 
sheet whilst the dye coat is pressed against a receiver sheet. The shape of the pattern 
transferred is determined by the number and location of the discrete areas which are 

10 subject to heating. Complex images can be built up from large numbers of very small 

pixels placed close together, the resolution of the final image being determined by the 
number, size and spacing of such pixels. Full colour prints can be produced by printing 
with different coloured dye coats sequentially In like manner. Usually, the dye sheet is in 
the form of a ribbon with the different coloured dye coats being in the form of discrete 

15 stripes transverse to the axis of the ribbon in a repeated sequence along the ribbon, 

printing of the three colours being effected by moving the dye ribbon axially relative to 
the receiver sheet and whatever means are used to generate the thermal stimuli. 

The thermal stimuli may be produced by a thermal printing head having a matrix 
of tiny heating elements (typically six or more to the millimetre) which are selectively 

20 energisable to transfer individual pixels. By programming the printing head to respond to 

electronic signals representing monochrome or full colour images (for example from a 
video camera, electronic still 

camera or computer), hard copies of those images can be produced. Alternatively, the 
thermal stimuli can be produced by means of a laser beam which is scanned across the 

25 dye coat in a raster pattern, the intensity of the beam being modulated in accordance 

with the aforesaid electronic signals to transfer the individual pixels. In either case, the 
pixels are typically arranged in a parallel rows and columns forming a rectangular matrix. 

It is known that during thermal printing the surface of the receiver sheet is 
distorted, possibly due to the large temperature differentials Involved. This is of little 

30 account when a print head is used but the distortion produced by a laser is on a very 

much smaller scale and is repeated at a spatial frequency corresponding to the pixel 
spacing. As this spacing is typically comparable to the wavelength of visible light, the 
distorted surface can act as a diffraction grating and hence cause unwanted coloured 
bands to be visible over the print area. This effect, which is most noticeable with opaque 

35 prints rather than transparencies, can give a holographic appearance to the printed 

image. 
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In most cases this appearance is undesirable and it Is one object of this invention 
to obviate the effect. However, in certain circumstances, for example where security 
information needs to be present such as in an identity card, the effect, if suitably 
controlled, could be of use and it is a further object of the invention to provide a method 
5 by which an identifiable pattern or mark is produced. 

According to one aspect of the invention, there is provided a method of light 
induced thermal dye transfer printing in which the image is formed from a series of 
parallel rows of spaced apart pixels forming a regular grid pattern, characterised in that 
the regular grid pattern is disrupted in a random manner over at least part of the area of 
10 the printed image. 

To obviate the effect, the random disruption is effected over the entire area of the 
image. However, if the disruption is effected over only a part of the area of the image, 
then the regions where no disruption is effected will continue to show a diffraction effect 
and by suitable control of the disrupted areas, the non-disrupted areas can be arranged 
15 to form an identifiable pattern. 

According to a preferred aspect of the invention, the disruption is effected by 
varying in a random manner at least one of 

the spacing between individual pixels in a row, 

the position of pixels in one row relative to the pixels in 
20 an adjacent row, or 

the spacing between rows. 

In a preferred embodiment, the random variation is produced by controlling the 
means for producing the scanning pattern of the laser. 

For example, if the scanning pattern of the laser to produce a row of pixels is 
25 produced by moving the laser spot to a series of fixed positions by means of a stepping 

mirror, the spacing between pixels in a row is altered by varying the size of the steps. 

. Alternatively, if the scanning pattern of the laser to produce a row of pixels is 
produced by pulsing the laser on and off, the spacing between pixels in a row is altered 
by varying the start times of the pulses. 
30 The relative positions of pixels in adjacent rows may be varied by making an 

initial random displacement at the start of each raster line. 

If relative movement between the laser and the dye sheet is produced by a 
stepping motor, the spacing between rows may be altered by varying the number of 
steps the motor moves between rows. 
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In all the above cases, the random variation may be generated by Inserting an 
appropriate signal into the scanning pattern, for example, by altering a computer 
program. 

According to a further preferred aspect of the invention, the variation is produced 
5 by means of a separate optical element that causes small displacements on a random 

basis. 

AccoreJing to a further preferred aspect of the invention, the spacing between 
pixels in a row and the positions of pixels in one row relative to the pixels in an adjacent 
row are simultaneously varied by applying to a raster synchronisation signal a varying 

10 voltage whose period is less than and not a simple submultiple of the row scan period. 

According to the invention, there is also provided a laser thermal transfer printer 
comprising a laser , means for holding a dye sheet and a receiver sheet during a 
printing operation, means for focusing the laser on the dye sheet to form a pixel sized 
spot and for producing relative movement between the spot and the dye sheet in a first 

15 raster scanning direction, means for producing relative movement between the spot and 

the dye sheet in a second raster scanning direction and means for producing signals to 
synchronise the movement of the spot in the first and second raster scanning directions, 
characterised by the provision of means for applying to the first raster scanning direction 
synchronisation signal a varying voltage whose period is less than and not a simple 

20 submultiple of the scan in the first raster scanning direction. 

Preferably, the means for applying the varying voltage is an oscillator circuit. 
The invention will be more readily understood from the following description of a 
preferred embodiment taken in conjunction with the accompanying drawing which shows 
a diagrammatic representation of a laser thermal transfer printer. 

25 Referring to the drawing, a printer consists of a laser 10, producing a collimated 

beam 11, a first mirror galvanometer 12 having a mirror 12a, a second mirror 
galvanometer 13 having a mirror 13a and an arcuate member 14 against which a dye 
sheet and a receiver sheet are held in contact under vacuum during the printing 
operation, the member 14 being positioned so that the laser beam, when turned on, is 

30 focused to form a pixel-sized, ie circa 20pm, spot at the dye sheet. Relative movement 

between the spot and the dye sheet is produced in a first raster scanning direction by 
arcuate movement of the mirror 13a and in a second raster scanning direction by 
movement of the member 14 by means of a stepping motor 15. 

Let it be assumed that the printer is required to print a monochromatic image 

35 derived from a high definition video camera. 

The output signal from the video camera is fed into a central processor unit 20 
where the data representing the brightness of the object is separated from the raster 
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synchronisation signals, the brightness signal 21 being fed to the laser to modulate the 
intensity of the beam and the raster synchronisation signals 22 and 23 being fed to the 
galvanometer 13 and the stepping motor 15.The signal fed to the galvanometer 13 may 
be such as to cause arcuate movement of the mirror 1 3a in a stepwise or continuous 
5 manner. In the case of stepwise movement the laser is triggered in synchronism with 

the steps, whereas in the case of continuous movement, the laser is triggered at regular 
intervals. In either case, the end result is a row of regularly spaced pixels, further rows 
being created by the dye sheet being moved under the control of the synchronisation 
signal fed to the stepping motor so that a grid pattern of pixels is built up. 

10 Such a pattern is regular and could produce the interference problem mentioned 

above. However, this regularity can be disrupted by causing a random variation in the 
spacing of the pixels in the rows, the position of pixels in one row relative to the pixels in 
an adjacent row or in the spacing of the rows. 

In one embodiment, this variation is produced by generating in the control circuit 

15 20 an appropriate random control signal 24 which is fed to the galvanometer 12 to cause 

a deflection of the mirror 12a whilst the laser is on. The signal may cause a deflection in 
either scan direction, at an angle to the scan direction, or in both scan directions at will, 
depending on the orientation of the tilting means. 

In an alternative embodiment, the galvanometer 12 may be omitted and the 

20 random control signal used to alter the raster synchronisation signal 22 to vary the 

movement of the mirror 1 3a. However, the embodiment using two galvanometers has 
the advantage that the additional control signal can be generated by a separate circuit 
which is a simpler arrangement electronically. 

Variation In the position of pixels in one row relative to pixels in an adjacent row 

25 may be produced by imposing a random delay on the start of the raster synchronisation 

signal 22. 

Variation in the spacing between the rows can be effected by applying an 
additional control signal with the raster synchronisation signal 23 to the stepping motor to 
vary the number of steps between rows. 

30 In a further alternative embodiment, disruption in both the spacing between pixels 

in a row and the position of pixels in one row relative to the pixels in an adjacent row 
may be achieved by applying to the raster synchronisation signal 22 a varying voltage 
whose period is less than and not a simple submultiple of the row scan period. 

If, for example, the voltage is sinusoidal, the spacing between pixels in a row 

35 increases and decreases through a maximum and a minimum for each cycle, the period 

of the voltage determining how many times this is repeated for each row. By making the 
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period of the voltage unequal to the scan period or a submultiple thereof, repetition of 
the same pixel spacing on adjacent lines is avoided. 

The sinusoidal voltage can be generated by a simple oscillator circuit separate 
from the control circuit and hence can be retrofitted to existing printers. Switching the 
5 oscillator in and out enables the disrupted areas to be arranged so that the no-disrupted 

areas form a required pattern 

The following examples illustrate the invention. 

Example 1 

Using the printer described above, standard dye sheets and a commercial 
10 opaque receiver sheet, a standard magenta print was prepared. The pixel diameter was 

20 pm, the spacing in each row was 1 1 pm and the spacing between the rows was 16 
pm, the row spacing being equal to 22 steps of the stepping motor. The process was 
repeated to produce a series of samples, with the stepping motor being controlled such 
that the number of steps between adjacent rows varied, the degree of variation 
15 increasing along the series as shown in the Table. 

In order to allow easy comparison and to rank the effect produced, the samples were 
arranged in a line and examined by shining a bright, collimated beam of light at an angle 
of approximately 45° on to the surface. The light reflected off the surface of the samples 
was projected on to a white screen and the coloured bands of diffracted light assessed 
20 . visually. 

As shown in the Table, there was a large difference between the standard sample 
and the sample with the lowest level of variation (+/- 1 unit, le 21-23 steps). Increasing 
the variation to two units gave a further improvement but it was difficult to discern further 
Improvement until the variation was increased to five units. 
2 c TABLE 


30 


Sample 

Number 

Observed 


of steps 

Spectrum 

1 

22 

Strongest 

2 

21-23 

Intermediate 

3 

20-24 

Weak 

4 

19-25 

Weak 

5 

18-26 

Weak 

6 

17-27 

Weakest 
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The example was repeated using a transparent receiver sheet with similar results. 

Example 2 

A further magenta print was made as in Example 1 using a +/- 1 unit of variation 
5 except that after every 1 00th line, the next 1 00 lines had a regular spacing of 22 steps. 

The resultant print showed a clear pattern corresponding to the regularly spaced lines. , 
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Claims 

1 . A method of light induced thermal dye transfer printing in which the image is formed 
from a series of parallel rows of spaced apart pixels forming a regular grid pattern, 
characterised in that the regular grid pattern Is disrupted in a random manner over at 

5 least part of the area of the printed image. 

2. A method according to Claim 1 , characterised in that the disruption is effected over 
the entire area of the image. 

3. A method according to Claim 1 , characterised in that the disruption is effected over 
only a part of the image. 

10 4. A method according to any preceding claim, characterised in that the disruption is 

effected by varying in a random manner at least one of 
the spacing between individual pixels in a row; 

the position of pixels in one row relative to the pixels in an adjacent row; or 
the spacing between rows. 
15 5. A method according to any preceding claim, characterised in that the random 

variation is produced by varying the scanning pattern of the laser. 

6. A method according to Claim 5, in which the scanning pattern of the laser to 
produce a row of pixels is produced by moving the laser spot to a series of fixed 
positions by means of a stepping mirror, characterised in that the spacing between 

20 pixels in a row is altered by varying the size of the steps. 

7. A method according to Claim 5, in which the scanning pattern of the laser to 
produce a row of pixels is produced by pulsing the laser on and off, characterised in that 
the spacing between pixels in a row is altered by varying the start times of the pulses. 

8. A method according to Claim 5, characterised in that the relative positions of pixels 
25 in adjacent rows is varied by displacing randomly the start position of each raster line. 

9. A method according to Claim 4, in which relative movement between the laser and 
the dye sheet is produced by a stepping motor, characterised in that the spacing 
between rows is altered by varying the number of steps the motor moves between rows. 

10. A method according to Claim 5, characterised in that the spacing between pixels in 
30 a row and the positions of pixels in one row relative to the pixels in an adjacent row are 

simultaneously varied by applying to a raster synchronisation signal a varying voltage 
whose period is less than and not a simple submultiple of the row scan period. 
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11. A laser thermal transfer printer comprising a laser (10) , means (14) for holding a 
dye sheet and a receiver sheet during a printing operation, means (13,13a) for focusing 
the laser on the dye sheet to form a pixel sized spot and for producing relative 
movement between the spot and the dye sheet in a first raster scanning direction, 

5 means (15) for producing relative movement between the spot and the dye sheet in a 

second raster scanning direction and means (20) for producing signals to synchronise 
the movement of the spot in the first and second raster scanning directions, 
characterised by the provision of means (25) for applying to the first raster scanning 
direction synchronisation signal a varying voltage whose period is less than and not a 
10 simple submultiple of the scan in the first raster scanning direction. 

12. A printer according to Claim 1 1 , characterised in that the means (25) is an 
oscillator circuit. 
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